Among a number of analysis methods for wave scattering problems, the Wiener-Hopf technique is known as a rigorous approach for canonical geometries. In this paper, we shall investigate functional equations arising in scattering problems associated with the modified Wiener-Hopf geometries, and develop general methods for approximate solutions. Applications of the methods to specific scattering problems related to canonical, two-dimensional obstacles are also discussed.
First we consider scattering problems involving the modified Wiener-Hopf geometry of the first kind. It can be shown that the Wiener-Hopf analysis often leads to the integral equation as in ( ) ( ) ( ) ( ) ( ) As an example of problems related to the modified Wiener-Hopf geometry of the first kind, the plane wave scattering by a strip is analyzed, and a high-frequency asymptotic solution is derived based on the above method. Next we shall consider the case where scattering problems belong to a class of the modified Wiener-Hopf geometry of the second kind. The Wiener-Hopf procedure then leads to where ( ) f α is unknown, and all the other quantities are known functions or constants. In order for Eq.(7) to be well-defined, it is necessary that we impose some conditions on , , The definition of the coefficients in Eq.(10) is omitted. As an example for the modified Wiener-Hopf geometry of the second kind, a thick half-plane is considered, and the problem of plane wave scattering is solved using the method developed above. Finally we consider the modified Wiener-Hopf geometry of the third kind. Solutions of scattering problems belonging to this class are often expressed in terms of the functional equation
where all the functions and constants are assumed to satisfy the conditions mentioned earlier. Based on a rigorous asymptotics, we arrive at an approximate expression of Eq.(11) with the result that where the definition is omitted. Applying the method established for the modified Wiener-Hopf geometry of the second kind, a desired approximate solution is obtained. As an example of scattering problems related to the modified Wiener-Hopf geometry of the third kind, the plane wave scattering by a thick strip is considered, and an efficient approximate solution is derived. Numerical results of the radar cross section of a strip (modified Wiener-Hopf geometry of the first kind) are presented, and the validity and usefulness of the method are discussed. 
Introduction
Usually, in a half-wavelength dipole backed with a reflector, the dipole is located with a separation of a quarter wavelengths from the reflector. The reason is said that the boresight gain is maximized in this state. In addition, as the radiation is focused in the boresight, the sidelobe level is lowered, and eventually the coupling between adjacent elements in an array antenna is decreased.
However, there is a case when we want to locate a dipole close to a reflector, e.g. the case of a bent wire antenna to realize quite a wide-angle radiation. In this case, they say that the radiation from the dipole is cancelled with the radiation from its image element due to the 180-degree phase difference. Accordingly, there is no radiation in the boresight as shown n Fig. 1 (a) . Moreover, the impedance of the dipole is quite low with a metal in a close proximity, so that the dipole cannot be driven with good efficiency.
On the other hand, we have an analogy to this type of actual antennas: a micro strip antenna. In this case, however, the current distributions on a dipole and a coaxial feed line are quite different each other. Then, the question is whether it is possible to make a good matching of current distributions (the function of a balun) and impedance matching.
Formerly, there were ideas to drive a vertical monopole antenna on a reflector. The horizontal dipole in this study, however, has different electromagnetic field distribution around the element so that we cannot divert the result to our study. This paper presents an ultra-low profile dipole (ULPD in abbreviation), which includes a built-in balun and can make a good impedance matching in order to solve the above-mentioned problems. First, I explain the research history, which resulted in the proposal of ULPD. Secondly, a basic ULPD with two inputs will be characterized theoretically and experimentally. Finally, a practical ULPD with a single input will be presented in terms of its research history and obtained results.
Electromagnetic Field Distribution Near a Dipole
Theoretical investigation on the basic ULPD reveals that the electromagnetic field distributes in the way of a quadruple mode shown in Fig. 1 (b) instead of Fig. 1 (a) . The radiations from an actual dipole and its image element do not cancel each other so that we can obtain high gain in the boresight. The current distribution on the coaxial line can be transformed to that on a dipole element
The subsequent experiments confirm the availability of the modeling and simulation algorithm. We can say that appropriate combination of theoretical and experimental studies is important to solve an unexplored problem in a limited time.
Practical ULPD
A practical ULPD is driven through a single built-in balun, as shown in Fig. 2 . The total current distribution on an element is shaped by the resonance effect of the dipole. The antenna characteristics were clarified to be almost the same as the basic ULPD by simulation and experiment.
This antenna is convenient to make an excellent matching for a wide range of the separation between the dipole and reflector. Moreover, the antenna gain is higher than a conventional dipole which is backed with a reflector at a quarter wavelength separation. The polarization splitter of the fiber type is important as one of optical devices. Such splitter can be realized by combining axis symmetry fiber and birefringence fiber and can be taken out x-polarization and y-polarization separately due to the difference of coupling strengths of polarization. We propose a new polarization splitter (see Fig. 1 ) consisted of an axis symmetry doubly clad fiber and a fiber with a circular hollow pit. One-half of new polarization splitter is used for a depressed clad fiber and the half of new polarization splitter is used for the fiber with a circular hollow pit outside a core. The cross section, the coordinate system, and the refractive index distribution of a proposed polarization splitter are shown in Fig. 2 and Fig. 3 . When the width t / a 1 of the depressed clad fiber is varied in the range 0.5≦t /a 1 ≦3.0, the device length L and the bandwidth BW −15 at R≦−15 dB (R : the extinction ratio, see A numerical technique for the analysis of the EM field by moving materials can be significantly important for the realization of new nanoelectronics and nano-optical components such as tunable capacitors, transistors and switching devices. We have previously proposed the Overset Grid Generation method combined with Finite-Difference Time-Domain (FDTD) method considering Lorentz transformation to solve the EM field from a moving body with empty grids for higher velocity cases. This paper considers the application of the proposed numerical technique by the analysis of the EM field around a uniformly moving dielectric and conducting body with high velocity value.
The numerical model is shown in Fig. 1 . In this paper, the characteristics of the EM field around the dielectric moving body that moves towards and against to the incident plane wave is investigated. The results are shown in Fig. 2 to Fig. 4 . Figure 2 shows the electric field from the dielectric body approaching to the incident wave with 3.0 The consistency of this proposed technique has made it possible in providing a strong numerical support for the analysis of the EM field from the moving materials with high velocity value. It will be beneficial mainly to the development of the nanoscale devices and systems which could be used for future GHz signal processing applications. Patients with hyperthermia have been increasing in recent years with the progress of global warming. Children and elderly tend to become hyperthermia for passive heat exposure and / or solar radiation (1) . The reason for this tendency is considered as the morphological and functional differences between younger adults and children/older adults. In particular, children have morphological feature not only their height and weight are low but also they have a greater body surface area-to-mass ratio than that of the adults. The elderly has lower sweating rate as compared with the younger adults, while its mechanism is still controversial.
In the present study, with numeric Japanese male and 3-year-old models, we analyzed core temperature elevation and perspiration in the adult and child phantoms (2) for simultaneous exposure of solar radiation and ambient heat. First, the thermophysiological response between adult and child is compared. Then, it was found that no clear difference was observed between them, although marginal difference was observed in active blood perfusion rate. Next, the threshold for activating the sweating in the elderly was investigated by comparing the computational and measured temperatures. Then, it was found that the threshold for activating the sweating in the elderly was about 1.5 °C higher than that in the younger individuals. In addition, using the computational code developed herein, we found that core temperature elevation in the child model for solar and heat exposure was greater than that in the adult model, which is primary attributable to body surface area-to-mass ratio. Similar tendency was observed between the younger adults and the elderly, which is caused by decline of the sweating rate in the elderly. Thus, the mechanism of hyperthermia in the elderly and child would be different, although they are both sensitive to heat exposure as compared to younger adults. Keywords : bioelectromagnetic simulation, induced current in the human body, visualization, popularization enlightenment
Introduction
It has been said that the fields of science and engineering may lose attractiveness for university applicants in Japan, resulting in shortage of graduates. The survey conducted by the author's group from the fiscal year 2005 to 2011 suggested the importance of the lecture which may include the knowledge of high-school students and advanced technology (1) . Note that the explanation of science and engineering to high-schools teachers are also important because they talk to the high-school students. Thus, it is essential to develop the lecture content suitable to the high-school teachers / students. We computed and visualized the induced current in the human body due to (i) electrostatic discharge (2) and (ii) lightning current (3) . This paper first summarizes the computational procedure for calculating the induced current for the above two scenarios. Then, the computational examples and visualization for the scenarios are presented. As shown in Fig. 1 , the electromagnetic waves generated by electrostatic discharge between the finger and metallic plate propagated on the human body with the speed of almost light in vacuum; it takes 10 ns to propagate over the human body model. For an explanation to high school students, the energy balance in the ESD event was also calculated. At a charge voltage of 1 kV, the static energy stored in the human body model was 52.5 µJ. Energies dissipated in and radiated from the human body were 49.5 µJ and 3.0 µJ, respectively, suggesting the energy conservation.
For the injection of current from the top of the head, the dominant factor affecting the human body was shown to be electrostimulation of the heart. As shown in Fig. 2 , the induced current becomes large in the heart which is adjacent to the blood whose conductivity (1.5 -2.0 S/m) is much higher than that of other biological tissue (0.1 S/m). The temperature elevation in the skin was much smaller than the threshold of thermal damage except the point where the lightning directly strikes.
The visualized results developed above were used in an invited lecture for high school teachers of technical high schools in Tokai Area. The content of the presentation also included the research topic on the application of electromagnetic fields to biomedical engineering, in addition to the visualized results obtained herein. The explanation to high-school students was emphasized. From the survey of the attendees, 73% of the attendees are interested in the research topic presented here. This ratio was improved to 87% when including the visualized results, suggesting the effectiveness of this proposal. For an additional survey 'Would you like to talk about the content of this lecture to high school student?', 92% of the attendees answered 'Yes', although it was 76% when excluding the visualized results. In this paper, we present the results from two independently performed sets of experiments-real and simulatedwhich adopt the contact failure model. This model provides an explanation of contact failures caused by faulty transmission line connectors, for the purpose of investigating common-mode (CM) current, which is one of the factors that cause noise radiation. In the first experiment, CM current was measured while gradually increasing contact resistance. In the second experiment the influence of the number of contact points on CM current was explored. Both experiments were performed within the uplink bandwidth of cable television (CATV) Internet transmission.
References
First, to observe the relationship between contact resistance, R, and CM current, I, we fixed the number of contact points to be four. Both measurements and simulations were performed to obtain CM current, I(R), when R = 0, 0.25, 1.25, 2.50, and 5.00 Ω. The results are shown in Fig. 1 , where the solid and dashed lines indicate the results from the measurements and from the simulations, respectively. The level of background noise was approximately 25 dBµA, as shown in Fig. 1 . It can be seen that the measured results are in good agreement with those from the simulations, except for the case when R = 0 Ω. Fig. 1 . Relationship between contact resistance and CM current Next, to observe the relationship between number of contact points and CM current, we used contact resistors with a resistance of 0 Ω. In both the experiments and the simulations, the number of contact points was reduced from four to one. The results are shown in Fig. 2 , where the solid and dashed lines indicate the results from the measurements and from the simulations, respectively. It is clear that the results are in good agreement, except for the case with four contact points.
We aimed at deriving desirable contact conditions for connectors used for CATV networks. This was achieved by evaluating the CM current required at a contact failure to cause emission of CM radiation in the CATV upstream frequency range. Measuring CM current in the experimental model by using a current probe, it was found that CM current increases constantly with increase of contact resistance, but is independent of frequencies in the 10-55 MHz range. Also, even with R = 0 Ω, when the distribution of the contact points became asymmetrical an increase in CM current was observed. From this result, in order to maintain electromagnetic compatibility of transmission lines, we consider it important for the contact boundary of connector to have low contact resistance, have enough contact points, and have a symmetrical contact distribution. 
Introduction
Atmospheric-pressure, non-thermal, plasma jet produced by using helium gas has been studied for various applications. Especially, plasma applications for biological treatment are much attracted attention and researched all over the world. It is known that while passing through the plasma, the feed gas becomes excited, dissociated or ionized by electron impact.
In our previous study, we demonstrated improvement of protein transduction efficiency by using Atmospheric-pressure plasma jet. However, it was also observed that long time irradiating plasma on cell culture medium could cause cells death.
Therefore, in this study, we focused attention on the change of cell culture medium by irradiating the plasma jet, and researched a possibility to cause cells death.
Materials and Experimental Methods
( 1 ) Atmospheric-pressure plasma jet systems In this study, low frequency and high voltage power supply was used. Output voltage and operating frequency were approximately 10 kV and 10 kHz, respectively. Helium gas flow rate and its pressure were fixed at 3 L/min and 0.1 MPa, respectively. Distance between GND electrode and HV electrode was fixed at 30 mm. Width of each electrodes was fixed at 10 mm. On these conditions, the plasma jet was produced under the HV electrode, and had length of approximately 60 mm at a maximum. In this study, the distance between lower end of HV electrode and surface of cell culture medium was fixed 40 mm in order to irradiate plasma absolutely.
( 2 ) Cell culture medium In this study, Phosphate Buffered Saline (PBS), Dulbecco's Modified Eagle Medium (D-MEM), mixture of D-MEM and 5 % or 10 % Fetal Bovine Serum (FBS) were irradiated plasma jet. Three fluid volumes were treated: 100 µl, 2 ml, 12 ml.
( 3 ) Measurement Items of cell culture medium In this study, we performed the following four types of chemical analyses of cell culture medium prior to and following irradiating the plasma jet: (i) protein content, (ii) pH value, (iii) electric conductivity, (iv) transmittance.
Experimental Results and Discussions
( 1 ) Analysis results of protein content of the component It was found that protein content of cell culture medium was not changed by irradiating plasma jet.
( 2 ) Analysis results of pH It was found that pH values of D-MEM and D-MEM + FBS increased with increasing irradiation time of the plasma jet. These results suggest that the plasma jet might assist changing some components in these media.
Therefore, an increased pH value of the cell culture medium by irradiating plasma jet indicates a possible cause of cells death.
( 3 ) Analysis results of electric conductivity It was found that electric conductivity of each cell culture medium increased with increasing irradiation time of the plasma jet. These results suggest that the plasma jet might assist changing some components in these media as same as analysis results of pH value.
Therefore, an increased electric conductivity of the cell culture medium by irradiating plasma jet indicates a possible cause of cells death.
( 4 ) Analysis results of transmittance We checked that the plasma jet can generate ultra-violet (UV) emission. Furthermore, there was little possibility that UV generated by the plasma jet directly caused cells death.
While transmittance of PBS was not changed by irradiating the plasma jet, on the other hand, in case of D-MEM and D-MEM + FBS, transmittance between 380 nm and 580 nm were a little changed by irradiating the plasma jet. These results suggest that the plasma jet might assist changing some components in these media as same as analysis results of pH value and electric conductivity.
Therefore, the transmittance change of the cell culture medium by irradiating plasma jet indicates a possible cause of cells death.
Conclusions
In this study, various effect of Atmospheric-pressure plasma jet on cell culture medium was investigated.
Introduction
Pulsed Plasma Deposition (PPD) technique has applied the capillary discharge technique has been developed to produce high quality thin films of new ceramics. The deposition by this technique is based on an ablation process. Pulsed electron and plasma beams irradiate a target material through a discharge tube and make a plume on the target. Ablated particles from the target are deposited on the substrate as a thin film. Until now, this technique has not yet been applied to produce the Diamond-like carbon (DLC) films. Since this technique doesn't use hydrocarbon gas for depositing DLC films, the films deposited by PPD should contain less hydrogen atoms than CVD films. Thus, the quality of films deposited by this technique can be better than CVD films. The purposes of this work is to evaluate the characteristics of the electron beam and the plume on the graphite target for the PPD apparatus and to explore the optimum process condition to produce DLC films with higher hardness and quality.
The schematic illustration of PPD apparatus used is shown in Fig. 1 . The chamber is made of stainless steel and its ultimate pressure is 5 ×10 -4 Pa. Discharge tube of alumina (Al 2 O 3 ) is located at the center of the chamber. Pure Ar is used as working gas and admitted into the discharge tube using variable leak valve. Triggering a condenser discharge induces a pulse discharge in the tube and a pulse electron beam is emitted from the tube simultaneously. The repetition frequency of triggering pulse discharge was fixed at 4 Hz in this work. The electron and plasma beams emitted from the discharge tube irradiate a graphite disk target. The graphite target can be rotated in order to avoid a partial ablation of the target. The rotation axis of the graphite target inclines at an angle of 45° with respect to the electron beam. Silicon wafer (15 × 15 mm) was used as a substrate, and it was set parallel with the graphite target. The substrate was not intentionally heated. The Ar pressure (or the Ar gas flow rate) for a stable discharge in the alumina tube was found to depend on the discharge voltage. Relationship between the discharge voltage and pressure in the chamber is shown in Fig. 2 , which seems to follow the Paschen's law. It is confirmed from this figure that the duration of a pulse discharge is approximately 80 ns. As discharge voltage increased, the electron beam has become self-pinched and shrunk in the discharge tube. The pinching length changed with the discharge voltage and current. It has been confirmed that self-pinching occurs when the discharge current is larger than 1.2 kA.
The emissions of the C2-Swan-band, high-energy C + and C
2+
ions can be observed in the spectrum. We have evaluated the characteristics of the electron beam and the plume on the graphite target for the PPD apparatus. And the DLC films deposited by PPD technique have been characterized. The results obtained are summarized below.
( 1 ) The pinching of electron-beam in the discharge tube can be controlled by the discharge voltage.
( 2 ) The emissions of the C2-Swan-band, high-energy C + and C 2+ ions have been observed in the plume.
( 3 ) Deposition rate of the DLC film showed linear relationship with discharge voltage.
( 4 ) The density of deposited DLC films was 2.3 g/cm 3 . The sp3 bond concentration in the film was estimated as 50% approximately. We have been studying the Pulsed Plasma Deposition (PPD) technique for applying diamond-like carbon film deposition. This technique is one of the applications of the capillary discharge, and the deposition process is based on an ablation. In this technique, pulsed electron and plasma beams irradiate a graphite target through a discharge tube and make plume on the target. Ablated particles from the target are deposited as the thin films on the substrate. In this study, we have investigated the effect of the discharge tube materials (quartz and alumina) on discharge condition and the plume produced on the target. Figure 1 shows relationship between the discharge voltage and current when the quartz and alumina were used as capillary tubes. As seen, these relationships for both capillary tubes seem to be the same. On the other hand, we have found that the capillary tube material affect the discharge pressure for maintaining a stable discharge. Figure 2 shows relationship between the discharge voltage and pressure for using alumina and quartz capillary tube. This difference should be caused by the dielectric constant of the discharge tube material.
The discharge tube material also affected the optical emission spectrum of the plume formed at the graphite target. High energetic C ion species, which are thought to be effective for DLC film deposition, were found in the plume using the alumina tube. On the contrary, no such C ion species were not observed in the plume formed using the quartz tube. When the quartz tube was used as discharge tube, the energy consumed for ablation seemed to be small because of an evaporation of a part of the tube.
We have also studied the effect of a earth attached to the capillary tube. When the earth was attached to the tube, it was found an increase of the discharge current and a decrease of the discharge pressure. We have also succeeded to stabilize the discharge using the earth. This phenomenon appeared remarkably for the quartz tube of which dielectric constant is smaller.
It can be concluded that the electrical properties (dielectric constant and conductivity) and physical property (melting point) of the discharge tube affect the capillary discharge 
Introduction
Surface rolled sintered gears are expected to be used in automotives. For their commercialization, a reliable and efficient in-line inspection after rolling is inevitable. The porosity, the residual stress, the resistivity, and the relative permeability change with surface rolling. The authors have proposed a measurement method that uses an eddy-current sensor. Since this method uses an eddy-current, gears can be inspected nondestructively within a short time. Moreover, this method enables the measurement of inspection surface rolled sintered gears from the surface to the inside by changing the exciting frequency. Figure 1 shows the measurement principle of an eddy-current sensor. The eddy-current arises in the magnetic flux due to the exciting coil affecting the gear. It depends on the resistivity and the relative permeability of the gear. Therefore, the Hall element is used to detect the magnetic flux density due to the eddy-current. Since the magnetic flux density detector in the Hall element is small, this sensor enables a local measurement.
Measurement Principle

Output Voltage Characteristics
The output voltage characteristics were measured using three types of sintered gear with different the degree of form rolling.
The difference ∆V o in output voltage used to clarify the output voltage characteristics of the Hall element depends on the degree of form rolling. Figure 2 shows the exciting frequency f characteristics with the difference ∆V o in output voltage. There is the difference in the ∆V o between surface rolled and over surface rolled sintered gears, because the resistivity ρ and the relative permeability µ r depended on the stress σ caused by the degree of form rolling.
Conclusion
In this paper, we propose a sensor for the inspection of surface rolled gears. The output voltage V o of three types of surface rolled sintered gear were measured. The ∆V o depends on the degree of form rolling. It was found the inspection of surface rolled sintered gears using eddy-current sensor was possible. 
Introduction
Because a huge number of ground coils are used outdoors for an extended period of time in the superconducting magnetically levitated transportation (Maglev) system, high reliability of ground coils and the cost reduction are required. The propulsion coil especially needs the high insulation stability as high-voltage equipment. Because the ground coil, which is made with the resin-molded winding, does not have a core in the structure, the ground coil must be exposed to the electromagnetic force directly. Therefore, there is a possibility that minute defects in the molded resin of the ground coil may expand, become apparent, and lead to the deterioration of insulation stability. In this paper, we examined the insulation diagnosis to assess the existence/nonexistence of the inside defect and locate the defect by setting a simulated void-defect inside the molded resin of the ground coil and detecting the electromagnetic waves effectively that are emitted from a partial discharge (PD) at the defect point.
Locating Defect by using Interferometer System
Effectiveness of the insulation diagnostic method using radio sensing has been reported. In this study, we located PD generated at the defect set in ground coil by using the interferometer system, and evaluated the results. Figure 1 shows the concept of this measurement method. Two dipole antennas were set near the PD source, and the EM waves emitted from PD were measured. The arrival time of EM waves at antenna 1 and antenna 2 are assumed to be T 1 and T 2 respectively. The time lag between the arrival time at two antennas is given by τ d =(T 1 − T 2 ). The distance difference X d between the distances from the PD source to each antenna is given by (1) where c is the velocity of the EM waves. Because a hyperbola is drawn by using the distance difference X d , PD source can be located as the hyperbola on the horizontal cross-section of ground coil.
Measurement Result
A high voltage was applied to the ground coil, and the EM waves were measured with two dipole antennas and a digital oscilloscope. Figure 2 shows the location result. The arrival time lag was obtained as τ d = 0.8 ns by calculating the difference between the first peak time of the EM waves received with two antennas arranged as shown in Fig. 2 . As a result, the distance difference was obtained as X d = 240 mm. A curved line of hyperbola that passes through the PLG coil can be drawn by using the distance difference of 240 mm. The PD source can be located on the line that passes through the molded resin of combined propulsion, levitation, and guidance (PLG) ground coil. The location result is acceptable in practical use, i.e. detecting the PLG coil that has a void-defect.
Furthermore, the PD could be located with an error of several centimeters in the case that the arrangement of antennas was shifted horizontally from that in Fig. 2 . In the case that the distance between the antenna and PD source was 1 m, the PD of which apparent charge was 100 pC or more could be located. A lot of hetero charge was accumulated in Polyimide (PI) film containing water under a high electrical stress. The positive charge was observed near cathode and the negative charge near anode. The dynamic behavior of hetero charge complicated in space and time was shown in Fig. 1 . A small amount of hetero charge was observed at an initial stage (Step 1), however the accumulated hetero charge disappeared soon (Step 2). A few minutes later, a lot of hetero charge was observed again (Step 3) and a breakdown occurred finally (Step 4) .
In order to analyze the complicated hetero charge behavior, the energy band structure of Polyimide (3 molecular size) which was subjected to water (some molecules H 2 O) was calculated by using the Quantum Chemical Calculation (Gaussian 03/ DFT). The effect of hole-electron pair generation probability, and hole and electron hopping probability were evaluated from the values of energy gap and effective trap level, which were obtained from the Quantum Chemical Calculation.
We chose the vaious arrangements of water molecules near Polyimide molecular as shown in Fig. 2 . We calculated the band gap energy for each water molecules arrangement, and the energy gap φ g0 was put on the horizontal axis in Fig. 3 . For example, the energy gap (①) is φ g = 2.49 eV without H 2 O, the energy gap (③) is φ g0 = 2.08 eV with a positive dipole of five H 2 O (its dipole perpendicular to Polyimide chain), and the energy gap (⑤) is φ g0 = 0.63 eV with a positive dipole of five H 2 O (its dipole pallale to Polyimide chain).
Then, the generation probability of hole-electron pair under an electric filed was calculated by using the energy gap for various rrangement of water molecules, as shown in Fig. 3 (open circle) . Besides, the hopping probability of hole and electron carrier also was calculated by using the effective trap level for various rrangements of water molecules, as sown in Fig. 3 (red and blue solid circle). It was found that water uptake narrowed the energy gap of Polyimide molecules, then the generation probability of hole-electron pair was inceased with decreaseing the energy gap. In addition, the hopping probability of hole carrier (θ HOP (hole)) extremely increased with decreaseing the band gap (φ g0 =2.5 → 1.7 eV) and was extremely decreased with decreaseing the energy gap (φ g0 =1.7 → 0 eV). Besides the hopping probability of electron carrier (θ HOP (electron)) was much smaller than that of hole carrier. In this paper then we tried to examine the complicated dynamic behavior of hetero charge (Fig. 1 ) in relation with water by using the above calculated results. 
